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(54) METHOD FOR MANUFACTURING GALVANIZED STEEL SHEET WITH HIGH TENSILE 
STRENGTH AND DUCTILITY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a galvanized steel sheet with a high 
tensile strength and ductility, which manufactures a 
steel sheet suitable for structural members of 
automobile, having a combination of high tensile 
strength, high ductility and superior corrosion resistance, 
by using a conventional facility. 

SOLUTION: This method comprises, (1) a cold rolled 
strip which contains 0.05-0.25% C, <0.7% Si, 0.8-2.5% Mn, 
0.4-2.0% sol. Al, and 1.0-2.5% Si+AI, (2) a continuous 
annealing which includes heating the strip at a two- 
phase region, cooling at 30° C/second or more between 
700-450° C, and holding at 450-350° C for 100-500 
seconds, and (3) a hot-dip galvanizing after heating the 
strip at the two-phase region, cooling at 3° C/second 
or more to 500° C or lower, and holding at 460-500° C 
for 1 5 seconds or longer. A galvannealed strip comprises 
alloying the galvanized strip by holding at 480-530° C 
for 10-30 seconds. The steel strip may contain Ti, Nb, 
Cr, Mo, Cu, Ni, and Co. 
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[»#JSl] Sa%-e» C : O. 0 5~0. 2 5%, 
S i : 0. 7%JilT. Mn : 0. 8~2. 5%. P : 
O. O 5%KiT» S : O. 0 1 %JJLT. sol. A I : 
0. 4~2. 0%. N : O. 0 1 %K1T. J^O, S i + 
A I : 1. 0~2. 5%^3IS-ri)^MfiJ^W-r*)% 

vTn&vtt: ss£-r asitaffito o £ sus-r c * site 

:WJ78 0°CJaJt. 8 6 O°CKiT05 2 *B 
«l=»l!&U K2ffl«-C?30«>JU±, 9 0*mT«#L 

fcgu 7oo°c£iT. 4 5 o°cja±a>jgseH5 3 0 6 C 
/%m-t©>ft£P3j£-e3fc8J u ?)?^-c4 5o o cJiiT. 3 

5 0°CJsLt©i&filSH-e 1 O 0#J*Lt, 5 O OfjUsTFfil 

%Mm&itov£8zft :m2 7 8 0 o CKL±. 8 6 O'CteTF 
©2ffli«l=tt]|ftL. SiSfiia-p 1 08>JJLt. 9 OfjMilT 
&#L*=&, 5 0 0°CJUT£^3 o C/fm-t0>>frS)j&K 
T?3%fi) L» 5 0 0°CJilT, 4 6 O°C)iLt0>Sfifi5B'<? 1 

BEMSIC If #31 1 lcie®a>SM*£ 2S£lJ-&j!f£fii|i&;fc 
<fctf?gIJ!SfB«>o#$teLfc&, 4 8 0°C«l±, 530 
°CKiT<»Sfi©Hlca]i»L. &Sffi«5B-T?1 0*J»iU:. 
3 0fJMyT«^LTtoo#@$^^b*-t*T^&-(bj§l4 

a«s«> o £ss«£ sjg-r * c t sink t r *^5i*jss 

[§f#Si3] Sia)fIlH^iffl)SA<$€»lzT i tsars/ 
*fc(*N b£Sg%0>£ftT?. O. 0 0 3~0. O 5% 

^m-r * t <© x & * c t * t -r 1 * fc i* 2 

r : O. 0 5~1. O %fc <fc /*frl*M o : O. 01 
~0. 2%^^Wr*t,«>T-fc€>Ci:S^«i:-r*li* 
^ 1 ~ 3 (OtNr*iAMrKKcD^?i*SSttS«9to o 

u:0. 1 ~ 1 . 0%. Ni :0. 05~0. 5%. C 
o : O. 0005—1. 0%^e>^fi>P(Drta> 1 a^fc 
l*2®J*l.h£. SS%CD^ttT- 1 . 5%JilT#WT-5 ; t 

c t zn&t rz>m*m 1 ~ 4 ©^-t^icih 



[0001] 

[0002] 



Jt«*5,fctfgfilb<D®jSfr*>. tt3fe<fc y SgfrifJC^ffi 
&*1t>l>tiXl*Z><, -flftlc, ir^U^fc if a> 

fig^ttliffiSL. SHtS<D5££*<g< fc-SIS f&tttf&lb 

pI<l&fcg&fflj!><©JE «£oTS3££IB«(&@ffi£t£ 

[0003] smmo>m&mttei:ii:mmmm*ixi* 
4§e»*i-Sjgi!iis«stoo*iH«A<jE<ffluf,ttrLx*„ u 

frT-t. fc&Sfiatto£l,fcg8«££&<b;£SlcJja&L 
tZnl6^ti$Zn-Fo^t Lfc£&<bj§ItSie 

[0004] Sa^JgStS-lb-r-Slcld:, c-£. Si. Mn 

«>o#6<*±L-V>-ri^7l. -&^b«iS^fT?lg^lr 
tMi^^b?gltffifatoo £S8«j!><*§ S-tifc 

t>„ 

[0 0 0 5] X^'T h^X^r^UT.^ffi-ei*, * 

iCfeoTSLt^l^^M-r-S r^SggiiggStt (TR I 
P)J <b^5S&*<«fc<»lP>*tTL^-5. Ctl5fiJfflL 

[0 0 0 6] «5S.li*$|BBS6 0-43 4 3 0-§-^«^ 
I*. *fi<DC, S i. Mn«ttt4MEIffi$. 7 
h+^-— ^.•T-^-f hfl>2<eigE (JitT. *lc T24S 
«J irtlBf) (cJUPSft, «»Ufc(felz. 5 0°C/8>Jil± 

0^a3iSS-c4 5o o c~6 5o o ca>sjgsic^a]L, * 

©SJgiSEri 0~5 0»r B 1«}f L. -€-0>&3 0°C/«>tel 
[0007] L A^ LJJCA< £ -tSBSStEli C ^Wfi*<^ L^fc 

[00 0 8] ftffi¥-5-7 08 8 C^W 
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lOtaS&L-C&KL (SIT. r2ffi««66j £12 
■T) . *<D&<B>fcSlilg«>5 5 0~3 5 0 o ca>SgSii3 
T?3 0»felJ: L<(*2#feU:) flftf £>«iB«!# 

hgas^jwt&fcto. 7oow?,^as* 
-e«»fr2Pii&£ 5 o °c/»ki± t-rz^t L I* C 

[0 0 0 9] !^|8iP5-24 7 5 86^#(=;l±. &C0 

sitAi to-gmm&ft&mmt-t -s cticjcy. too 

tt, ®f£;81»Si&too#^>icfcit&2«m^<o#tt 

&<7>#a)S&££. 5 0 C/8>JJl±<!:-r-SCi:3&<fB«$*iT 

i*4©*-^ teto&f«Mcoi,*Troi2«A<fc < . §l&a>± 

[OO 1 O] ^la^FI 1 - 2 2 2 64 4ffiatli > 09 

fcjggcoT i £**r*-e-s c tic j: y. s i ict-s^m 
85^14*5 «fc £&<b«iJStt(D£<t 5 «fif*<INJ* $ ti 

<fr-5f=at>a>i8)IiSfBtf>o#5-f' XD^ttH^^^r 

[0 O 1 1 ] #§B¥ 11-13 114 5-5H*$8lC(i, 2 
<8J§E-CSittLfc&5 2 0°CKiT$-e^aiL. -tto&jSIfc 

ICfct*T\ 5 2 0°C~4 O0 o C©aglg|T?9 0 8>UU:3 

oonnsiToisraB^y. •€-©^2oo°cjiiTi=>%*p-r 
tf> o #ffii«0>®! jf^*<gfl* $ *ir i* * . 

[0 0 12] #g§¥l 1 -23662 1 1$ 
2*BlgEt?JStiEL. -tto&. 2 0«>raia_t<D{6S#f*£a3 

[0 O 1 3] ftMW-l 1 -27 969 1 #^«IC(*. M 
nSCttt©1 5<&Kl-h^Apr-SC£lC«fc-3T. too 

hfect^-ft-f h^si©ii^$#L< iis*-t±-sftffi 

AtM^^tlT^-S. LA* L, £fi0>Mn3sam*-&&3;*. 
h «l=tt«B*. too *»litt* R&gf -6 i: I* 

[0 0 14] «t3lE**f,^ffS«a>il^eEicffiffl*^ 
TL**Se!«fi£|S<Bl± % »4fiSJ£A*6 (DtffSp^lft £ LT 



?fr£<l*.Tl*l>l#£-A<£(,*„ 

[ooi5] s®*-— x-x^-r h^^t^5i*ffiitE^sg 

it-T-Slcli. /t-o-f h£9S£fllfiJL*£A*.b. ^-f^-f 

«&SA<fc-So c(0fcto. 2ffiHE«««idiS)%ip-r*c 

&l~&3&£g«§LT56?S<b£-t!-£f=to(::, tbtSM«l*S 
[0 0 16] >%raff&«©H$S&«Mi::teffl<*;h..5$£3fc 
l**toA<-»W-efc-S. ttoTiig;*--^-*--* 

^t?sjtr-i)tf)*<ffitoTa!i*fl<j-e&y, c^ncfc'uB 

[00 17] = ftl=ttLf^0attSIUEfB«>o*Rfl| 

i*tt?B»StBtoo*l=*5l*-CI*. too£tfr<BM«i&££ 
ffiS<br*fcto(=. too#l!tJCDffl«£l±l£fi«J<£t*;£gJ3 

(kit. mic r«ias»j tter) . la* 
l jsa^ to o *«ro)M«aa«tsiBa>ikjA«Ti=eTr 

fcto, ffiS5«)ii8ij§its®too#s«iicfcL*ri*g^p B i 

[001 8] ftot. ^5-7 08 86^ 4# 
■¥11-13114 5#^«fc4LM±^ga¥ 11-2 
3 6 6 2 1 *4*«U=H*£;h.Tlt«A&*iP. fc-Sl*l* 

[0019] jgittoo#asi*4 6 ccfj^trfcy, ^ 

^b«iS(*4 6 0~5 0 0°C<D;Sfi?|J*-efcCJtE^H 

-f h*<«fULr, fiis^JBg-r-sfcto, SBt-xjt 

^tt*<«T-T -5 1 1* 5 BgSA<36-5«, 
[0 0 2 0] ^IflJF 1 1 - 1 3 1 1 4 5^«|C|*. jl 
«l5SiltSffito-3$^:<iS^fflt*T^-— Xft-f hSSg* 
1±-5ttWA<§fl***iri*4. LA*L^A<f,— flSMir, jg 

its«atoo#5'r>i* ; 5-<>s$A*®<. sa«^52o 

°C~ 4 0 0'te-l?<DjaS«5HI=*^ra«»-r-5«>A<B»JS: 
«^A<fci.„ 7-f>MM< LT«»^P B 1^^< L«fc 

[002 1] &m*l 1 1 -23662 1 #^«|CI4 % Wf 
lilts <*: tf**ft««iSLSi:o »HBI=II* $ *tr I* * 



3 



[0022] ztibomm&mifztzsbiz^ moit^m 

[o o 2 3] Ki±a^fcj:5ic, r r i ptthmzmmL 
tz &*GxzmMz iSiisi&to o # <k vs&itmMmti* 

5-f >l=asi*T\ B?6*K Sift, ^ojfit^ttlzg^fc 
[0 0 2 4] 

[5§l«3!i^*L«k?i:-r*Se] *58SBa>Sttl*. ±1B 
[0025] 

«■*«**-*&*>«>*«] x -f h** 
B*m\ 2ffligssr-a>«i#ic«fcor. t-xft-f 

*-f-*--f hgC»*tf. h36»6*aj 

x-x^-'T &l=aMtd1*&fettlc. 3 7 0°c 

u±. 4 5 oteiT©asi5HT7*^iffl«i#f *o>*<«»: 

I*. 

[0 0 2 6] ±E«j5fr&f*U*. -«W«C*»SfB«> 

a. 2 4s««n££^c>t)iy)Sfiii4e$7?a>in0!>^9i3 
[0027] b. 2fi«ttNaft^&4>naAtB«i=» 



-f hge$*<T+#fc#&^too#T.&C<!:lcfc£> 0 c<D 
[0 0 2 8] *-f*--r hgessi*4 0 0 <, ci&eii::y 

hgEffi£jre«fcT£©#BgiT?fc*c£t,5g»4t> 
[0 0 2 9] c. -&#<b«iStt. K-f-^-f h^SISgck 

a. wis, s i$M«t»t«««r««>-3*Lfe«di= 
i±. mtnm-e<7>-£&itE.fot:i&m-rz>tzist>iz-g&it%. 

[0 0 3 0] C*tC>(OSHlcJ:y. S®*— Xft-f h 

[003 1] *sik#c>i*. w*i&©raH£»*"r-5fc 

[0 0 3 2] Si lc^-Tfi£#a>SSA£Hg^T-igfl?L. 
8ftra«ifi*JfiLrJS$^2 0mm<Z>IBtti: Lfc. 
[0 0 3 3] 
[81] 



C*l.£» 1 2 0 0"CT7 3 ( 

U— l=J= y 5 5 0"C£-e3fr3)U ^*PIC^ALT5 5 
0°CT?3 O^WLtzmzZ 0°C/^<7»*aiSJ£t?MS 
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(fi 




9:Fe&J;lM;TOft*ftft) 
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Si 


Hn 
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Al 
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0.16 


0.4 


1.4 


0.011 


0.003 


1.02 


0.0034 
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[0 0 3 4] Cfl5*|BJEii«l=. SMttM?^ 
SftffiS (MAS A) . 51«ijtSlS«Stoo#7-f >ffl^<0 
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[0035] @-i 14. mmm 
[0036] si r-jiBoaEin^ttfSMaaAot— k 

T?2*BJai?fc-5 8 3 O^I-iBlS&U Z<t> ! &&X-e O&ffl 
«#Lfc&. 7 0 0°C£-e£ 5t;/». 3l#«i#4 0 0 
°C^-C$5 O°C/#C0)ftJ31jt£-C3%33JL. 4 0 0°Ct?2 

4O»0«ftLfc«, 2 0°c/*)?a»^aijlJK-i?Sia*T? 

[0 0 3 7] g 1 T'«l@(DSfll^li!S!«SlB©t- h 

4 8o°ctr-c;frSJU ^a>as-e2o«>r B i«»ut=». 

too#5§£j££S5gL*:4 6 o°c^-e3°c/«>(D3fraJ2 

[0 0 3 8] <ft o #SlC-&^b«aa^*J C /«£ -5 ig^l- 
14. 4 6 0°C*>e> 5°C/#<Dtt]t&3£Jg-e 5 2 0 o CCD^& 

[0 O 3 9] 2RLx-CJi|Ef»«lli««)^raffS«l=#V* 
1 %CDSISfff&£86L. EES^lc^iftlzj lS-5f 
f*IS*£iSll5lLT3l5Iia&£fc-fcofc. EI2I4. «M 

Lfci§^ (iEP) T-l*. 3I5I5££I46 1 OMPa, #1): 
143 9. 0%-C-fcy. Sifi-Stt/^^^X (§15154* x 
142 3 OO OMPa • %Kl-tT?. SttTgftfcS 

[0040] mmmB<D*-&MLtzm-£; (oeto 
i4. ssi«iaA<D^<DJi^izit®-r-5 < teL<#i;A</h* 
£f=. stti-tt-r a«s«**isa-\^&<ib;ag 

[004 1] iC%A<. Sft«iSAi:SSfe«iSB^jS«?L-C 
t£Lfci§£ JilT-t:l4 r«»fiiSA + Bj tfcffi 

«fcy tsiffi^-h^L. #i;i4«Tur^-s*<. 5ifi-a 
1±/\*?>^i4S&«iSB < fcy ilS&i-isj-tL-ci^*. 

<bffl3*ttD!|#14l4. £&<b;ag*<5 3 0 o CJiTFT-fc*v 

[0042] vk±<ommt£mfrb. sexism 

*lT t» * CD i: §HaofiSM^a>.%jl^SP <t 



14/ <7 >Xlrg*tfclS5i*^S1±ffif8to o ^03ffiA<# t> 

[0 0 4 3] Z\G>*t>—XJLlt&-rL : tmi>frT'ti:l\ 

ACDli^t^. 2ffllgt^<D»lSftJ^*l~SeSt-fe>> 
j. (/<— ^.f \-tp0)-kji^*4 ht^t) C05§«A< 
^^(=JHTf 4. C<Dfctf>. 2 fflHE&J&iai-fc 
X^'T hJB0)«-fli(4 i 5>^A<t<C-5„ LA>Lsfe3b<C>2 

teHE^ST-si* L.fc«co>fta)-i?i4. sftsas Aco^^cfc y 

[0044] *fc. s&fflJiBicfcivm. 
d<K-r^--f K^sstDSiSigs.kytiSt^to. xf 
h^cogt^foiSiiA^+^t^y. t-xft-f 

[0 0 4 5] SI&«iSA-ejft66$^fc^«l4. -tt 

[0046] 8&*&J1A + B<0«*:5l=. fSM&SA^JfeLT 

su«-i4. m^*—^-)-* h*ftf*3-ea&yfc*<t.@!fiiigjg 

[OO 4 7] C<D<fc5fcCg£#*£*§;*.fc:*-— X-x"^ 

siaa5i4^A<#»fc*!)/<-5-i' h^siT-^-ric^ 

x^-< htJEE-So flfcfr. ^CD+»t>Si5l4gimjlJtA^t^= 
•5. 

[00 4 8] $c>ic, c<oiaj%^-— xft-r htefKicgt 

'W^-T h^Hlcg®i:*4x*iajS<*:y^L^J£Tr^ 
Utt, S»«iSAtP«^g|g^— Xft-< h*<Wt> 

[OO 4 9] *f§^l4d+i't>CDftlB^S(^UT^J«**t 

fctco-e&y. -tcosgi4TiB (1) - (5) iznmn 

(1) gg%-e. C.: O. O5~0. 25%. S i : 
0. 7%JiTF. Mn:0. 8-2. 5%. P:0. 05 
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%JsTF. S : O. 0 1 %&T, sol. A I : 0. 4- 
2. 0%, N : 0. 0 1 %JjlT» A^O, S i +A I : 

1. o~2. s<H>z%i8.?z>itmmf£&m-rz>XimE.& 

: $£7 8 0lCfeLt. 8 6 0°CK1T«)2« 
lgElCft]^L. K2ffi«T?3 0fi>feLt. 90a>JJlT«ltU 
7 0 0°CJiiT. 4 5 0 o CJaJKC5aaiEH£ 3 0°C 

/8>j*Lta>>fr33Ji&K-e;ftS) u aut4 5 o^ckit. 3 

5 0°CKl±<D5gaBSH-e 1 0 Offrtel-t. 5 O OfJMaTffi 

Jgl4Sf&tf>o£SM* : 7 8 0°ceiJ:. 8 6 0°CKiT 
<D2ffllSI=JlDgftL. KSJgJgET? 1 0&&L± % 9 08M51T 
fiMtLfcSL 5 O 0°CK1T*-P 3°C/8MUia»feaiSS 
T?>frS]U 5 0 0°CKIT. 4 6 0°Ctel-t<DS£fi5B-r?1 

[0050] (2) ±ih (D iciaKa>^*§«s^-r 

^&|!W3cfctf^lISSiBtoo££«iL*:8L 4 8 0°Ctel 

±. 5 3o°cjaTa>ss«sffl(cans&L. sssiiti . 

OSUiLb. 3 08MUT«l#UTtoo^@$#^b$-&T 

[0051] o) ffl<oitjE^isafiE*^e>i=T i *j«fc 

tf/£fcl*N b £gfi%CD^tf-^ O. 0 0 3-0. O 

5%#wr-5fc©Tea&-5c££#f&t-r*>-tfa (i > * 

fcl* (2) l=G«E®AS*ffil£1±£tB&o#Mtt<D9Ui 

[0052] (4) Ma>«reib¥ttj**t£&i::)Mt% 

t. Cr :0. 0 5-1. 0%$itf/f fcliMo : 
O. 0 1~0. 2%£^*-r* : oa>T?ft-&C±:£4f«,t 
(1) ~ (3) <D^-r^lc|B«(DiS3S*WM 

[oo53] (5) mo>m&ib&mm.t><z *>izn&'* 

t?. Cu : O. 1 — 1. 0%. N i : 0. 05 — 0. 5 
%. Co : O. 0005-1. 0%)!r><b#:-S>il<Df«ia>1 
®£fcl*2®JiUb£. Hft%0>£ftT? 1 . 5%KIT^# 
-r-5t©T-fc-6Ci:$#®i:-r*-hlH (1) - (4) 0) 

[0 0 5 4] 

[S&BJ©§Slfe<DJfcfiS] JaT(-*SSB.S<D§gJSa>ff*81£»Mi 
[0055] ( 1 ) ®tiia>iti£mi8. 



•6. L^LtC***. C£0. 2 5%?@x.t^$t5 

5§S14t^b-r*. SoTC^filiO. 2 5%fel 
Tt-T-So »*L<liO. 2 0%KIT-pfc-5. 
[0 0 5 6] Si I iSitAllt IvT+lfc 
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